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On the other hand, it was successively reported recently that the melting 

point of a-Si (~1200°C) is lower than that of c-Si (~1400°C). These results 
are inconsistent with the experimental data shown Figure 5.8 that the solid-phase 
growth is occurred until 1400 °C, and cause a paradox. It is suggested a 
hypothesis that in case of heating at 1200°C or more by laser annealing, a 
surface of a-Si layer is melt at an initial step, explosive crystallization is 
proceeded at very high speed (10 3 cm/s), then the a-Si layer becomes 
polycrystalline Si having micro-grain size (Grain Size: 10 nm), the 
polycrystalline Si proceeds SPE growth by anneal process performed thereafter. 
However, this hypothesis has not been cleared. 

The speed of the solid-phase growth is very affected by plane-direction 
of a base c-Si substrate and kinds of impurities contained in a-Si. Giving 
examples of crystalline substrate having (100), (110) or (111) plane, the ratio of 
growth speed on the surface of each plane is approximately 1:0.25 to 0.33:0.05 
to 0.13. An activation energy (Ea) does not depend on the growth direction. 
Therefore, a pre-exponential element (V 0 ) becomes to be dependent on the 
plane-direction. The phenomenon that these growth speed depends on the 
direction, can be well explained by a model of Drosd-Washburn (Refer to Section 
5.1). 

Effect of impurities incorporation on the growth speed is shown in 
Figure 5.9. The impurities B, P, As, etc, which are electrical active, make the 
growth speed about 10 times faster, and it is found that Ge gives no changes and 
O, C, N, Ar, etc reduce the speed. In an example of research of the solid-phase 
growth under pressure, it is known that the growth speed increases 14 times 
faster in case of water pressure at 20 kbar and matrix strain approximately at 
0.7%. However, in case of Figure 5.9, the matrix strain caused by the impurities 
incorporation is small at 0.01 to 0.02%, and therefore it cannot be explained the 
acceleration effect of the growth speed by such level of the matrix strain. In the 
result of simultaneously incorporation of P which becomes a donor in Si and B 
which becomes an accepter therein, the effects of both are counterbalanced. 
Thus, it is found that the acceleration of the growth speed is very related to the 
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partial effect of carrier density. On the other hand, it is largely reported that the 
activation energy is not changed by the incorporation of these impurities. 



* Chart 5.1 (page 108) shows the relationship between the molecular beam 
epitaxial growth and the epitaxial-alignment growth and the melting point (T m ). 

* Figure 5.9 (page 109) shows the effect of the incorporation of impurities in 
which the solid-phase growth speed depends on the annealing temperature. 
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